« 



1406/172 

1 

DC-DC Conversion Charging Apparatus 
Related Applications 

This application is a continuation of PCT patent 
5 application number PCT/EPOl/04860 , filed April 30, 2001, 
the disclosure of which is incorporated herein by- 
reference in its entirety. 

Technical Field 

10 The present invention relates to DC-DC (direct current - 
direct current) converters, and particularily to DC-DC 
converters using RC filters . 



Background Art 

15 DC-DC converters have been described in detail in e.g. 
''Daniel M. Mitchell, DC-DC Stitching Regulator Analysis, 
McGraw Hill 1988" . 



The converters are commercially available, e.g. from HN 
2 0 Electronic Components GmbH, Langenselbold, and the 
function thereof is readily explained. Furthermore DC-DC 
converters are available from Technoproj ect , as 
described in "http://www.techno-project.de" . Presently 
DC-DC converters are used for many applications, e.g. in 
2 5 combination with electric charging apparatuses for 
mobile phones. 

Energy management is one of the fundamental problems in 
a project of portable, electronic devices. This problem 
30 pertains all the elements that make a device portable 
and affects service, time of utilizability, size and 
weight of the same. 
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Conventional charging apparatuses employ linear 
regulators, where a power transistor is integrated in 
the charging apparatus and the regulator requires a 
regulated external AC- adapter having a very accurate 
5 output voltage such that the voltage drop across the 
power transistor is reduced and the power dissipation is 
maintained within acceptable values - 

A major disadvantage of commonly used AC-adapters (AC = 
10 alternating current, connector) is the high cost. In 
many applications unregulated AC-adapters are widely 
used whereby AC-adapters contain DC -DC- converters , such 
that the output voltage is continuous. 

15 A further disadvantage of unregulated adapters is that 
they do not have a feed-back loop maintaining the output 
voltage constant resulting in a much greater load- 
dependant output voltage. 

20 Another disadvantage is that the power dissipation is 
high such that it is in many cases not possible to 
integrate the power transistor. 

This leads to the further disadvantage, that the power 
25 transistors has to be installed externally and a 
charging current has to be reduced . 

Another version of an AC-adapter consists of a small 
transformer with a diode bridge that produces a half 
30 wave rectified waveform. The diode bridge is followed by 
a PTC resistor (positive temperature coefficient) , which 
is installed in order to limit the maximum current 
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towards a load, e.g. a mobile phone, whereby the mobile 
phone contains an integrated power transistor, which is 
connected in a diode configuration. The major 
disadvantage of this design is that the charging time is 
5 considerably increased. 

Another state-of-the-art arrangement is a DC-DC 
converter, which has a very high efficiency and which 
can be used with both regulated and unregulated DC-DC 

10 converter -AC- adapters . An advantage of this 

configuration is, that it has an internal current 
limitation permitting a direct connection of the mobile 
phone to a car battery. Due to the high efficiency the 
power transistor can be integrated. A major disadvantage 

15 of this configuration is the cost and size of an 
inductance coil necessary for this setup, 

A further conventional setup uses pulsed charging 
requiring an external AC-adapter, which must contain a 
2 0 DC-DC converter with current limitation. In this 
configuration the power transistor functions as a 
charging switch at very low frequencies, e.g. in the 
range of 0.1 - lOHz. The major disadvantage of this 
configuration is, that there is a possibility, that 

2 5 voltage peaks exceed the maximum voltage defined for 

e.g. Lithium Ion batteries by the production process. 
Nevertheless this type of charging is highly efficient 
permitting the power transistor to be integrated. The 
configuration requires no external components and can be 

3 0 adapted to a large variety of adapters. 
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One major disadvantage of the pulsed charging 
configuration is that this design requires a change in a 
circuit configuration in order to adapt a specific AC- 
adapter. A further disadvantage is that an external 
5 diode is required. Yet a further disadvantage is, that 
battery producers have not yet given an ^^OK" for using 
voltages greater that the one specified. 

Summary of the Invention 
10 It is therefore an object of the present invention, to 
provide a DC-DC converter, which does not exhibit the 
disadvantages of the state of the art devices. 

This object is achieved by the design of a DC-DC 
15 converter employing a RC (resistor - capacitor) filter 
in accordance with claim 1 . 

It is an advantage of the present invention that a 
charging apparatus is provided, which operates in 
20 conjuction with multiple types of AC-adapters or 
directly with a battery or another rechargeable device. 

The method of charging a rechargeable device (108) 
according to the present invention comprises essentially 
25 the following steps: 

a) connecting the rechargeable device to a battery 
connection port and ground; 

3 0 b) connecting an external DC source having an input 
voltage in a specified range, e.g. 6 volts to 14 volts, 
to an input resistor of a charging apparatus; 
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c) feeding a current reference value obtained from the 
charging apparatus to the control unit; 

d) feeding a voltage reference value obtained from the 
5 charging apparatus to the control unit; 

e) determining a duty cycle in accordance with the 
current reference value and the voltage reference value 
fed to the control unit; 

10 

f) switching, using the duty cycle, an output voltage 
applied to the rechargeable device between a minimum 
output voltage and a maximum output voltage dependent on 
the current reference value an the voltage reference 

15 value by means of a charging switch; and 

g) disconnecting the charged rechargeable device from 
the charging apparatus . 

2 0 In accordance with one aspect of the present invention a 
filter consisting of a resistor and a capacitor, i.e. a 
RC filter is provided as a filter unit. 

In accordance with another aspect of the present 
25 invention the resistance is installed separately from 
the charging apparatus. In the circuit design according 
to the present invention this is a major advantage, as 
most of the power is dissipated by the resistor. 



30 



Another advantage is, that commonly used schemes can be 
connected to a car battery, and a car adapter could be 
used as an inexpensive resistor. 
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In accordance with another aspect of the present 
invention the circuit design is adapted to avoid 
voltages above a voltage as specified for the use with 
Lithium Ion batteries . 

5 

In accordance with another aspect of the present 
invention a soft switching is provided in order to avoid 
electromagnetic interference problems . 

10 In accordance with another aspect of the present 
invention the power generated by the charging apparatus 
is essentially dissipated outside the charging 
apparatus . 

15 The charging apparatus for charging a rechargeable 
device according to the present invention includes: 

a) a battery connection port for connecting the 
rechargeable device to the charging apparatus; 

20 

b) an input resistor for connecting an external DC 
source having an input voltage to the charging 
apparatus ; 

25 c) a control unit for the determination a duty cycle in 
accordance with a current reference value and a voltage 
reference value fed to the control unit; and 

d) a charging switch for switching, according to the 
3 0 duty cycle, an output voltage applied to the 
rechargeable device between a minimum output voltage and 
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a maximum output voltage dependent on the current 
reference value and the voltage reference value (110) - 

Brief Description of the Drawings 
5 Embodiments of the present invention are depicted in the 
drawings and are explained in more detail in the 
following description. 

Figure 1 is a circuit diagram of an embodiment according 
10 to the present invention; 

Figure 2 (a) is a circuit diagram showing a configuration 
of the circuit corresponding to a period of time when 
the switch is ON; 

15 

Figure 2 (b) is a circuit diagram showing a configuration 
of the circuit corresponding to a period of time when 
the switch is OFF; 

2 0 Figure 3 (a) is a graph showing the total dissipated 
power (fat line) , the power dissipated by aa input 
resistor, shown in Figure 2(a), (medium line) and the 
power dissipated by the transistor (thin line) as a 
function of the input voltage for a conventional linear 

25 regulator; 

Figure 3 (b) is a graph showing the total dissipated 
power (fat line) , the power dissipated by a input 
resistor, shown in Figure 2 (a) , (medium line) and the 
30 power dissipated by the transistor (thin line) as a 
function of the input voltage for a DC-DC converter with 
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RC filter according to an embodiment of the present 
invention; 

Figure 4 is a graph showing the variation of the output 
5 voltage as a function of time for the two cases shown in 
Figure 2 (a) and (b) ; 

Figure 5 (a) is a graph showing the instantaneous current 
(fat line) and the average current (thin line) as a 
10 function of the input voltage according to an embodiment 
of the present invention; 

Figure 5 (b) is a graph showing the voltage drop at the 
transistor as a function of the input voltage according 
15 to an embodiment of the present invention; 

and 

Figure 5(c) is a graph showing the duty ratio as a 
2 0 function of the input voltage according to an embodiment 
of the present invention. 

Detailed Description of the Invention 

In the circuit diagram shown in Figure 1, an input 
25 resistor 101 is connected to a power supply port 102. 
The second terminal of the input resistor 101 is 
connected to a charging switch 103 and a control unit 
104. The second terminal of the charging switch 103 is 
connected to a second terminal of the control unit 104 
30 and to the first terminal of a charging capacitor 105. 
The second terminal of the charging capacitor 105 is 
connected ground 106. The connection between the second 
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terminal of the charging switch 103 and the first 
terminal of the charging capacitor 105 is designated as 
the battery connection port 107, to which the first 
terminal of the battery, i.e. the rechargeable device 
5 108 is connected. 

The operation of the charging apparatus shown in Figure 
1 is described as follows. The control unit 104 is 
provided with current reference value 109 from the 
10 second terminal of the input resistor 101 and with 
voltage reference value 110 from the battery connection 
port 107. 

In accordance with the provided current reference value 
109 and the provided voltage reference value 110 the 
control unit 104 operates the charging switch 103 which, 
when closed, then transports the switched current 111. 
Thus, a charging current 112 is provided to the battery 
108 through a path connecting the battery connection 
port 107 and the first terminal of the battery 108, 
whereby the second terminal of the battery 108 is 
connected to ground 106. A charging voltage 113 is 
measured between the battery connection port 107 and 
ground 106 as an indication of the charging state of the 
battery. 

Figures 2 (a) and 2 (b) represent configurations of the 
circuit of Figure 1 at the period the charging switch 
103 is ON (Figure 2 (b) ) and at the period the charging 
30 switch 103 is OFF (Figure 2 (b) ) , respectively. Figure 
2 (a) is a circuit diagram showing a configuration of the 
circuit corresponding to a period when the switch is ON 



15 



20 
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and Figure 2 (b) is a circuit diagram showing a 
configuration of the circuit corresponding to a period 
when the switch is OFF. 

5 Referring to Figure 2 (a) , an input voltage 114 is 
provided by the AC-adapter from the car battery. A 
transistor voltage drop 202 is added to the voltage drop 
across the input resistor 101 caused by the switched 
current 111 (Ii) whereby the transistor voltage drop 202 
10 is designated as Vce- The charging current 112 (I2) 
causes a voltage drop across a battery resistor 2 01, 
whereby the switched current 111 (Ii) is divided into the 
charging current (I2) and the charging capacitor current 
203 (I3) . 

15 

In a first phase of the cycle there is a high current 
flowing through the input resistor 101 into the charging 
capacitor 105 and partially into the battery 108. In a 
second phase, as shown in Figure 2(b), a secondary 
2 0 charging current 2 04 (I4) flows from the charging 
capacitor 105 into the battery 108. The current through 
the battery is therefore filtered by an RC- filter 
represented by the charging capacitor 105 (C) and the 
battery resistor 201 (R) . 

25 

A control loop acts on a duty cycle of the control unit 
104 controlling an average current and an average 
voltage. A power dissipation Pr in the battery resistor 
201 is calculated from the following equation: 

30 



Pr = (Rsense ' list^) " d 
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with d being the duty cycle, Rsense being the value of the 
input resistor 101 and list being an instantaneous 
current flowing through the input resistor 101. The 
power dissipation Pt in the transistor is obtained from 
5 the following equation: 

Pt = (VcE ' list^) ' d 

with VcE being the transistor voltage drop 2 02 across the 
10 collector-emitter path of the transistor 205. Thus a 
total power dissipation Ptot can be written as: 

Ptot = Pr + Pt 

15 A linear regulator with the same charging current 112 
compares with the regulator according to the preferred 
embodiment of the present invention as follows: 

Plin = (Vin - Vbatt) ^avg, 

20 

where lavg is the average charging current 112, Vin is the 
input voltage 114 and Vbatt is the voltage across the 
battery terminals, i.e. the battery voltage 2 06. The 
dissipated power is distributed among the input resistor 
25 101 and the transistor 205 as follows: 

PRlin = ^sense Imedia 

Pt = (Vin ~ Vbatt " Rsense Imedia) Imedia 



30 
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With Imedia being an average current through the input 
resistor 101. 

As shown in Figures 3 (a) and (b) , a variation in the 
5 input voltage 114, here shown as a variation from six 
volts to fourteen volts representing an example of a 
typical car supply voltage (car battery voltage) , 
results in different variations of the power that is 
distributed among the input resistor 101 and the 
10 transistor 205. 

As shown in Figure 3 (b) the power dissipated by the 
transistor 205, illustrated by the thin lines 301 is 
much less than in Figure 3 (a) where the situation of a 
15 conventional conventional linear regulator is depicted. 
The medium lines 3 02 in Figures 3 (a) and 3 (b) give the 
power dissipated by the input resistor 101, whereas the 
total power dissipated is represented by the thick lines 
303 . 

20 

Thus it will be appreciated that due to the reduced 
power 301 dissipated by the transistor 205, as shown in 
Figure 3 (b) , the transistor 205 can be integrated into a 
charging unit in a preferred embodiment of the present 
25 invention. 

Hereinafter, as shown in Figure 4, the output voltage 
ripple is calculated for both cases shown in Figure 2 (a) 
and (b) , whereby the output voltage 4 02 for the first 
30 case, i.e. during ON time 401, is given by the following 
equations : 

Vout(t) = A + C ' exp(- (t/Xon) ) 
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'^on — (^sense / / Rbatt) C, 



out 



5 and the expressions for A and C being 

Vin - VcE Vbatt Rbatt Rsense 

A. ( * ) • ( 

^sense R-batt R-sense + Rbatt 



C = (B - A + D) exp(t/Ton) • 

10 

The output voltage 403 for the second case, i.e. during 
OFF time 407, is given by the following equations: 

Vout(t) = B + D exp(t/Xoff) 

15 

with the expression for 



'Toff = Rbatt * C 



out 



2 0 and the expressions for A and B being 

- VcE Vbatt \ / 



25 



/ Vin - VcE Vbatt \ / 

= V ^— — + — ^— - — / ' V 



att 



^sense Rbatt Rsense + Rbatt 



att 



Thus it can be seen that the output voltages 4 02 and 
403, respectively, varie between a minimum output 
voltage 404 and a maximum output voltage 406, whereby an 
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average output voltage 405 is obtained, as shown in 
Figure 4 . 

In Figure 5(a) to (c) an instantaneous current 501 and 
5 and avarage current 502, a transistor voltage drop 503 
and a duty ratio 504 are depicted as a function of the 
input voltage 114. 

While preferred embodiments have been shovm and 
10 described, various modifications and substitutions may 
be made thereto without departing from the spirit and 
scope of the invention. Accordingly it is to be 
understood that the present invention has been described 
by way of illustration and not limitation. 
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